Mechanisms underlying the metabolic and vasodilator effects of insulin by Stride, Ann Elizabeth
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!! OV!
#@.!3241)($%2.!27!(*3,!(81(0%4(.$*)!102$232)!$,(!$%+%*)%&!*.$(0%20!>;GA!*.-!(8$(.&20!-%5%$20/4!)2.5/&!>HSRA!4/&3)(&!'(0(!(83%&(-!*.-!$0*.&<(0&(!&(3$%2.&!27!$,(!4%-!120$%2.!27!$,(!4/&3)(!'(0(!3)(*.)9!3/$=!1)*3(-!2.!)*+())(-!3206!-%&6&!32<(0(-!%.!@1$%4/4!C/$$%.5!;(41(0*$/0(!>@C;A!H4+(--%.5!^*$0%8!>_*942.-!G!R*4+!R$-:=!H*&$!J/&&(8=!abA!*.-!%44(-%*$()9!702d(.!%.!)%K/%-!.%$025(.!322)(-!%&21(.$*.(!>D"VTuCW!J%54*!G)-0%3,=!I22)(=!abA:!;,(&(!&*41)(&!'(0(!&$20(-!*$!DUT!uC!720!)*$(0!%44/.2,%&$2)25%3*)!*.*)9&%&!>&((!+()2'A:!!G$!$,(!(.-!27!(*3,!(81(0%4(.$!$,(!*.%4*)!'*&!,/4*.()9!6%))(-!',%)&$!/.-(0!*.*(&$,(&%*!+9!*.*(&$,($%3!2<(0-2&(!>H/$,*$*)=!^(0%*)!G.%4*)!F(*)$,=!F*0)2'=!H&&(8=!abA!*.-!3(0<%3*)!-%&)23*$%2.:!
(
E7E7J(&PK345I3A9:=($4<9<><=(!
+4<BK()(a(HCK345A@B=5A:3I5>(3BD=C>:3I5>(>=:IK(><A94<=(U"&(>=:IK(
><A94<=Y!#.!$,(&(!0*$&!>.!o!"TA!#.&/)%.!>F/4/)%.w_W!H)%!R%))9=!#.-%*.*12)%&=!aJGA!>_2&&!($!*):=!ETTV*A!-%)/$(-!%.!&*)%.(!$2!*!32.3(.$0*$%2.!27!NTT!4a:4)D"!'*&!%.7/&(-!*$!NT!4a:4%.D":4)D"!720!"ET!4%./$(&:!])22-!5)/32&(!32.3(.$0*$%2.!'*&!4(*&/0(-!7%<(!4%./$(&!+(720(!*.-!*11028%4*$()9!(<(09!7%<(!4%./$(&!720!$,(!7%0&$!NT!4%./$(&!27!%.&/)%.!%.7/&%2.!*.-!(<(09!"T!4%./$(&!$,(0(*7$(0:!#.!(*3,!*.%4*)=!5)/32&(!>NT!Y!'Q<W!J%54*!G)-0%3,=!I22)(=!abA!'*&!%.7/&(-!*$!*!0*$(!&()(3$(-!'%$,!$,(!*%4!27!4*%.$*%.%.5!+)22-!5)/32&(!32.3(.$0*$%2.&!*$!X[:U!442):)D"!>_2&&!($!*):=!ETTV*A/!
!! OU!
;2!$,%&!(.-=!5)/32&(!%.7/&%2.!0*$(!>L#_A!'*&!5(.(0*))9!%.30(*&(-!$2!*02/.-!EO!45:4%.D":65D":!!J((!B%5/0(!E:"!720!0(10(&(.$*$%2.!27!102$232):!!
(
F5DB43(E7)('3K43@3A9:95<A(<?(3PK345I3A9:=(K4<9<><=7(J/05(09!'*&!72))2'(-!+9!*.!(K/%)%+0*$%2.!1(0%2-!27!PT!4%./$(&:!B20!32.$02)!*.%4*)&!>GA!%.&/)%.!%.7/&%2.!'*&!&$*0$(-!72))2'%.5!$,%&!(K/%)%+0*$%2.!1(0%2-:!L)/32&(!%.7/&/%2.!'*&!&$*0$(-!72))2'%.5!*!-021!%.!+)22-!5)/32&(!32.3(.$0*$%2.&:!B20!RD?G^H!$0(*$(-!*.%4*)&!>]A!*!+2)/&!-2&(!27!RD?G^H!'*&!5%<(.!72))2'%.5!$,(!PT!4%./(&!(K/%)%+0*$%2.!1(0%2-!*.-!%.&/)%.!%.7/&%2.!'*&!&$*0$(-!*$!NT!4%./$(&!*7$(0!RD?G^H!$0(*$(4(.$!*.-!32.-/3$(-!*&!720!>GA:!!!
+4<BK(E(a(HCK345A@B=5A:3I5>(3BD=C>:3I5>(>=:IK(V(-*,#8&(U"&(>=:IK(V(-*
,#8&Y(;,%&!102$232)!'*&!3*00%(-!2/$!*&!-(&30%+(-!720!L02/1!"!*+2<(!>.!o!UA!(83(1$!$,*$!$,(!?@J!%.,%+%$20!RD?G^H!>"T!45:65D"W!J%54*!G)-0%3,=!I22)(=!abA!>]09*.!*.-!^*0&,*))=!"ZZZA!'*&!5%<(.!*$!$,(!(.-!27!$,(!(K/%)%+0*$%2.!1(0%2-!*.-!NT!4%.!'*&!$,(.!*))2'(-!+(720(!$,(!FH!3)*41!'*&!32.-/3$(-!*&!*+2<(:!!!
E7E7M(#A:=C@5@((S*$*!'(0(!(8$0*3$(-!%.!PT!&(32.-!%.$(0<*)&!(<(09!"T!4%./$(&!7024!D"T!$2!""T!4%./$(&!7024!$,(!0*'!$0*3(&!27!^G]I=!F_=!B]B!*.-!B\C!%.!C,*0$!*.-!$,(.!
!! OZ!
*.*)9&(-!%.!J$*$\%(':!;,(&(!-*$*!'(0(!/&(-!$2!3*)3/)*$(!$,(!4(*.!t!JH^!720!(*3,!502/1!*$!(*3,!$%4(!12%.$:!!])22-!5)/32&(!32.3(.$0*$%2.&!'(0(!.2$!$*6(.!*$!&($!$%4(!12%.$&:!;,/&=!$,(!<*)/(&!4(*&/0(-!'(0(!*))23*$(-!$2!$,(!.(*0(&$!OD"T!4%./$(!$%4(!12%.$&!&2!$,*$!4(*.!*.-!JH^!<*)/(&!32/)-!+(!3*)3/)*$(-:!!!!G?@\G!720!0(1(*$(-!4(*&/0(&!'*&!*11)%(-!$2!$,(!32.$%./2/&)9!0(320-(-!<*0%*+)(&!$2!(&$*+)%&,!',($,(0!$,(!<*0%*+)(!3,*.5(-!*.-!S/..($$`&!12&$!,23!$(&$!'*&!*11)%(-!$2!-($(04%.(!$,(!$%4(!*$!',%3,!$,(!<*0%*+)(!3,*.5(-:!B*3$20%*)!G?@\G!'*&!/&(-!$2!3241*0(!0(&12.&(!+($'((.!502/1&:!B%&,(0`&!12&$!,23!$(&$!'*&!*11)%(-!$2!-($(04%.(!$,(!$%4(!*$!',%3,!$,(!502/1&!<*0%(-:!;,(!+*&()%.(!<*)/(&!27!B]B=!B\C!*.-!+)22-!5*&(&!*$!$,(!+(5%..%.5!*.-!(.-!27!(*3,!27!(81(0%4(.$*)!102$232)&!"!*.-!E!'(0(!3241*0(-!'%$,!*!J$/-(.$`&!+D$(&$:!!
(
E7J('3@B=9@(!
E7J7)(!:4L5<2:@>B=:4(2:45:;=3@(LB45AD(HCK345A@B=5A:3I5>(3BD=C>:3I5>(
>=:IK(;*+)(!E:"!&,2'&!+*&()%.(!<*)/(&!720!^G]I=!F_=!B]B!*.-!B\C!%.!32.$02)!*.-!RD?G^H!$0(*$(-!*.%4*)&:!^G]I!'*&!&%5.%7%3*.$)9!,%5,(0!%.!RD?G^H!502/1=!',(0(*&!F_=!B]B!*.-!B\C!'(0(!&%5.%7%3*.$)9!)2'(0:!!
!! PT!
^G]I!'*&!/.3,*.5(-!7024!+*&()%.(!-/0%.5!FH!3)*41!720!+2$,!$,(!32.$02)!*.-!RD?G^H!502/1:!^G]I!%.!$,(!RD?G^H!502/1!'*&!&%5.%7%3*.$)9!,%5,(0!$,*.!%.!32.$02)&!*$!*))!$%4(!12%.$&!-/0%.5!FH!3)*41!>&!p!T:TOW!B%5/0(!E:E!GA:!#.!$,(!RD?G^H!502/1!F_!'*&!&%5.%7%3*.$)9!)2'(0!$,*.!%.!32.$02)&!*$!$%4(!12%.$&!D"T=!T=!"T!*.-!NT!4%./$(&!>&!p!T:TOW!B%5/0(!E:E!]A!+/$!.2$!*$!ET!*.-![T!D!""T!4%./$(&:!;2'*0-&!$,(!(.-!27!FH!3)*41!>UTD""T!4%./$(&A=!F_!%.!$,(!RD?G^H!502/1!'*&!0*%&(-!&%5.%7%3*.$)9!*+2<(!+*&()%.(!>&!p!T:TOA:!!S/0%.5!$,(!FH!3)*41!B]B!&%5.%7%3*.$)9!%.30(*&(-!7024!NT!4%./$(&!2.'*0-&!%.!$,(!32.$02)!502/1=!0(*3,%.5!*!4*8%4*)!%.30(*&(!*$!PT!4%./$(&!*.-!$,(.!0($/0.%.5!$2'*0-!+*&()%.(:!;,(!B]B!%.30(*&(-!'*&!7024!":EN!t!T:"T!$2!E:"O!t!T:"Z!4)Q4%.!>&((!B%5/0(!E:N!GA:!;,(!4*8%4*)!3,*.5(!%.!B]B!%.!$,(!32.$02)!502/1!'*&!T:ZE!t!T:"[!4)Q4%.:!\*0%*+%)%$9!%.30(*&(-!%.!$,(!B]B!-*$*!27!$,(!32.$02)!502/1!*7$(0!B]B!,*-!*3,%(<(-!%$&!4*8%4*)!)(<()!>&((!B%5/0(!E:N!GA!+(3*/&(!%.!&24(!*.%4*)&!B]B!'*.(-!$2'*0-&!+*&()%.(!*.-!%.!2$,(0&!$,(0(!'*&!*!4*%.$*%.(-!%.30(*&(:!RD?G^H!$0(*$4(.$!&%5.%7%3*.$)9!-(30(*&(-!+*&()%.(!B]B!&/3,!$,*$!%$!'*&!)2'(0!$,*.!+*&()%.(!%.!32.$02)!502/1!>&#p!T:TOW!T:OT!t!T:TP!<&:!":EN!t!T:"T!4)Q4%.A:!]9!32.$0*&$!'%$,!$,(!32.$02)!502/1=!B]B!0(4*%.(-!32.&$*.$!$,02/5,2/$!FH!3)*41!%.!RD?G^H!$0(*$(-!*.%4*)&!>B%5/0(!E:N!GA:!!;,(!B\C!-*$*!*0(!(81)*%.(-!+9!$,(!B]B!-*$*!*&!$,(0(!'*&!.2!&%5.%7%3*.$!3,*.5(!%.!^G]I!%.!(%$,(0!502/1:!;,/&=!$,(!FH!3)*41!3*/&(-!*.!%.30(*&(!%.!B\C!%.!$,(!32.$02)!502/1!0(*3,%.5!&%5.%7%3*.3(!7024![T!$2!ZT!4%./$(&!*.-!*!4*8%4*)!%.30(*&(!*$!PT!4%./$(&!7024!T:T""!t!T:TT"!$2!T:TET!t!T:TTE!4)Q4%.Q44F5!>&((!B%5/0(!E:N!]A:!;,(!4*8%4*)!3,*.5(!%.!B\C!%.!$,(!32.$02)!502/1!'*&!T:TTZ!t!T:TT"!
!! "#!!
$%&$'(&$$)*+!,-.(!/01!2-%%!345.678!9.8-%'(-!264$!":!;!##:!$'(<3-8=!5'3>!.!?4(?4$'3.(3!'(?6-.8-!'(!83.(7.67!-6646!6-2%-?3'(*!3>-!2.?3!3>.3!84$-!6.38!8>45-7!.!$.'(3.'(-7!'(?6-.8-!'(!/01+!@A!?4(36.83=!/01!5.8!<(?>.(*-7!3>64<*>4<3!)B!?%.$C!'(!DEFG,B!*64<C!H/'*<6-!I+J!@K+!!
!"#"!$%&''($)&*+',-$./($)&*+',-$0/1*,0'/$2.3-$(*20/)$456-20/,*&0/.-70+$
-*)&5+.-70+$+&.76$

!! PE!
L#_!%.30(*&%.5!4/3,!420(!&$((1)9!%.!$,(!RD?G^H!502/1!$2!0(*3,!*!1)*$(*/!*$!X!NT!45Q65Q4%.!*$!X!UT!4%./$(&:!!!
E7J7J(&??3>9(<?(HCK345A@B=5A:3I5>(3BD=C>:3I5>(>=:IK(<A(;=<<L(><IK<A3A9@(B%5/0(!E:O!&,2'&!12$*&&%/4!*.-!)*3$*$(!32.3(.$0*$%2.&!720!32.$02)!*.-!RD?G^H!502/1&!+(720(!*.-!*7$(0!FH!3)*41:!F*(4*$230%$!1(03(.$*5(!%&!324+%.(-!-*$*!720!+2$,!>32.$02)!*.-!RD?G^HA!502/1&:!F*(4*$230%$!'*&!.2$!&%5.%7%3*.$)9!-%77(0(.$!7024!+*&()%.(!72))2'%.5!$,(!FH!3)*41:!I2$*&&%/4!32.3(.$0*$%2.!'*&!,2'(<(0!&%5.%7%3*.$)9!-(30(*&(-!72))2'%.5!FH!3)*41!%.!+2$,!32.$02)!*.-!RD?G^H!$0(*$(-!502/1&!>&!p!T:TOA=!',%)(!)*3$*$(!32.3(.$0*$%2.!'*&!&%5.%7%3*.$)9!%.30(*&(-!72))2'%.5!FH!3)*41!%.!+2$,!32.$02)!*.-!RD?G^H!$0(*$(-!502/1&!>&!p!T:TOA:!!!!!!!!!!!!!!!
!"#$%&'()!*"+%$,-%&."$/%+&012&0%312"$&#$114&5167&0%312"$&."+8/$"2&
81-4/89"-8%7&#$114&:2%++/2%&"-4&;%"29&2"9%(!"#$%&!'()*'!+&#,!-!
./0/1!2)3!4),53)%!6,789:!#,;!<=>?10!6,7@:!53&#5&;!#,A+#%'!#5!B+&!
C)A,5! D&3)/! E! !" F! 9/9G! #%%! <=>?10! $#'&%A,&! H#3A#$%&'! *&3&!
'AI,AJ4#,5%K!;AL&3&,5!23)+!4),53)%/!!
MN!
Control L-NAME
Baseline MABP (mmHg) 113.8 ± 0.10 147.3 ± 5.1*
Baseline HR (bpm) 404.7 ± 10.6 350.8 ± 10.7 *
Baseline FBF (ml/min) 1.23 ± 0.10 0.5 ± 0.06 *
Baseline FVC (ml/min/mmHg) 0.011 ± 0.001 0.003 ± 0.000 *
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<"+#<+7' #,G*#=&' 5($+,' &>*?(=&@' ,AH6' #<' +#;%'I*+'$(G,</' DEF210'
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;(,<"(='M&/'DEF210'<"+#<+7'#,G*#=&/'
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-' ./0/1' 2("' 3(,4"(5' 635(&+7' &8*9(5&:' ,;<=>' #,7' ?@AB10' 4"+#4+7'
#,C*#5&' 6($+,' &8*9(5&:' ,;D>' #4' +#3%' E*+' $(C,4/' ' FG' H' !" I' =/=J'
K+"&L&' 9#&+5C,+' 6=' *C,>' 2("' 3(,4"(5' ("' ?@AB10' 4"+#4+7' #,C*#5&'
"+&$+3EK+58'6ML,,+N&'$(&4'%(3'4+&4>/'O'!"I'=/=J'3(,4"(5'K&/'?@AB10'
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!"#$%&!'('!)*+,-!$#-#%!$%++.!/%01+-&!1+21&234#5+2-!6+4!#%%!
&78&49:&23#%!#29:#%-(!"#$%&'!'()*!+(&!,#'&$-.&!,$))/!
0$%1)'&!2&#'%3&2&.+!+#4&.!5)3!1).+3)$!#.-2#$'!67879:!#./!;8
<=>?!+3&#+&/!#.-2#$!67787@:A!
Animal ID Blood Glucose (mM)
1 5.2
2 5.5
3 5.7
4 5.2
5 4.8
6 5
7 5.9
8 4.1
9 7.4
10 6.8
11 3.4
12 7.8
13 8.4
14 5.6
15 5.6
16 6.5
17 6.4
18 6.2
Mean ± SEM 5.9 ± 0.3
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LBM (g) = 59 + 0.50 x BW (g) 
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BCD!
In vitro recovery
Insulin concentration (pmol/L) Recovery (%)
3000 9.4 ± 0.4
1000 14.7 ± 1.8
300 3.2 ± 0.1
Inulin concentration (ug/ml) Recovery (%)
25 16.7 ± 5.2
In vitro recovery
Inulin concentration (ug/ml) Recovery (%)
25 16.7 ± 5.2
!"#$%&'()&!"#$%&'(#*%+,-%*.%/&0,*&.1/2$.1&"13&.12$.1(&!"#$%"&'"()*&")"+,&"(("-)*()*),"&)#"./*0")$1)2.$3.)
#$.#"./&*4$.)*.-)*&")5"*.)6)789)1$&)/:&"")5"*(;&"5"./()*/)"*#:)#$.#"./&*4$.<)=$.#"./&*4$.()3"&");("-)/$)
#$&&"(,$.-)/$)>"*.)*.-)$?"(")?*(*>)*.-)@8)#>*5,)'.(;>'.)#$.#"./&*4$.(A)/:;(A)BCC),5$>DE)1$&)>"*.)*.'5*>)*/)?*(*>A)
FCCC),5$>DE)1$&)>"*.)*.'5*>)*/)#>*5,)*.-)$?"(")*.'5*>)*/)#>*5,)*.-)G.*>>H)BCCC),5$>DE)1$&)$?"(")*.'5*>)*/)#>*5,<)
FII)
Stabilisation! Basal ! Clamp Phase!
Glucose (i.v variable infusion to maintain basal 
blood glucose)!
Time(min)!
-30! -20! -10! 0! 10! 20! 30! 40! 50! 60! 70! 80!
0! 2! 6!5!
Basal Steady State! Clamp Steady 
State!
4!
Insulin 10mU/kg/min (i.v constant 
infusion)!
-50!
3!
-60!-70!-80! -40!-90!
Inulin infusion (i.v constant infusion) 
7! 8!
-100!-110!-120!
ISF Sample 1 ISF Sample 4 ISF Sample 3 ISF Sample 0 ISF Sample 2 
Hyperinsulinaemic-euglycaemic clamp with microdialysis 
1
!"#$%&'()*+',%-.-/-0'$1&2'3-%'.4&'5&61$%&5&7.'-3'"71$0"7'8".4'5"/%-2"6091"1'2$%"7#'49:&%"71$0"76&5"/;
&$#09/6&5"/'/065:)!"#$%&!'()&#*$(!+,)!,-!./01!2'(3-&)4!567!),289&)!+&#&!:$99&:-&;!&<&#=!>1!2'(3-&)!?#$2!./01!
2'(3-&)4!5(39'(!'(?3)'$(!%&@,(!,-!.A1!2'(3-&)!,(;!:$(*(3&;!-B#$3@B$3-!-B&!8#$-$:$94!CD!:9,28!8#$-$:$9E!,)!
8#&<'$3)9=!;&):#'%&;E!)-,#-&;!,-!1!2'(3-&)!,(;!:$(*(3&;!?$#!A1!2'(3-&)4!5()39'(!'(?3)'$(!+,)!:$()-,(-!-B#$3@B$3-!
-B&!8#$-$:$9E!@93:$)&!'(?3)'$(!+,)!<,#'&;!'(!$#;&#!-$!2,'(-,'(!%9$$;!@93:$)&!:$(:&(-#,*$(4!F$+(+,#;!,##$+)!
#&8#&)&(-!89,)2,!),289&)4'011!
!! "#$!

!! ETE!
!I/41!0*$(!;,(!(81(0%4(.$&!27!J(3$%2.!O:E:"!$(&$(-!-%77(0(.$!1/41!0*$(&!$2!(&$*+)%&,!$,(!21$%4/4!0*$(!720!0(32<(09!27!%.&/)%.:!E:O=!E!*.-!"!µ)Q4%.!'(0(!$(&$(-:!"!µ)Q4%.!'*&!72/.-!$2!5%<(!$,(!+(&$!0(32<(09!27!%.&/)%.:!;,(0(720(=!"!µ)Q4%.!'*&!3,2&(.!720!/&(!%.!*))!4%302-%*)9&%&!(81(0%4(.$&:!!!@/$)($!$/+%.5!@/$)($!$/+%.5!<2)/4(!'*&!3*)3/)*$(-!/&%.5!$,(!%.$(0.*)!-%*4($(0!27!$,(!BHI!$/+%.5:!G.!2/$)($!$/+%.5!)(.5$,!27![O!34!'*&!3*)3/)*$(-!$2!,*<(!*!<2)/4(!27!O!µ)!*.-!$,(0(720(!$2!3200(&12.-!$2!*!7%<(!4%./$(!$%4(!-()*9!7024!$%&&/(!$2!32))(3$%2.!<%*):!;,(!C^G![VT!_(70%5(0*$(-!4%30270*3$%2.!32))(3$20!'*&!$,(0(720(!&$*0$(-!7%<(!4%./$(&!*7$(0!$,(!%./)%.!%.7/&%2.!*.-!32/)-!$,(.!+(!$*6(.!$2!0(10(&(.$!0(*)!$%4(!4(*&/0(4(.$&!27!$%&&/(!32.3(.$0*$%2.&=!*&!$,(!-()*9!%.!$,(!&*41)(!0(*3,%.5!$,(!32))(3$%2.!<%*)!%&!*332/.$(-!720:!!H8$(0.*)!3*)%+0*$20!G&!-%&3/&&(-!%.!J(3$%2.&!O:E:E!n!O:E:"T=!*!50(*$!-(*)!27!'206!'*&!32.-/3$(-!%.!*.!*$$(41$!$2!<*)%-*$(!$,(!4($,2-!720!$,(!/&(!27!#./$(&$w!*.-!$,(!c*/5,!4($,2-!720!$,(!4(*&/0(4(.$!27!%./)%.!*&!$,(!3*)%+0*$20!720!%.&/)%.:!F2'(<(0=!$,%&!102<(-!.2$!$2!+(!12&&%+)(!%.!2/0!,*.-&:!;,/&=!$,(!'206!-(&30%+(-!%.!J(3$%2.!O:E:""!<*)%-*$(-!$,(!/&(!27!]%2IGR`&!#./)%.!720!%.e(3$%2.!*.-!]%2IGR`&!B#;DLB_!>#./)%.A!6%$!720!$,(!4(*&/0(4(.$!27!%./)%.!!"#$!$%!*.-!,(.3(=!*&!*!3*)%+0*$20!720!%.&/)%.:!!!
!! ETN!
e2&$0*.-!($!*):=!"ZZZA:!!_(32<(09!27!%.&/)%.!!H81(0%4(.$&!-(&30%+(-!%.!$,%&!3,*1$(0!'(0(!1(07204(-!$2!$09!$2!21$%4%d(!$,(!0(32<(09!27!%.&/)%.!2.!3244(03%*))9!*<*%)*+)(!*&&*9&:!#$!'*&!72/.-!$,*$!%$!%&!.2$!12&&%+)(!$2!/&(!$,(!^(032-%*!ae2&$0*.-!($!*):=!"ZZZ=!Je2&$0*.-!($!*):=!ETTTA:!G--%$%2.*))9=!&24(!%.<(&$%5*$%2.&!,*<(!/&(-!0(32<(09!3*)3/)*$%2.&!7024!10(<%2/&!1*1(0&!$2!3*)3/)*$(!$,(!32.3(.$0*$%2.&!27!
!! ET[!
d%.5!,/4*.!%.&/)%.!&*41)(&!2.!$,(!0*$!&$*.-*0-!3/0<(!'*&!72/.-!$2!2<(0(&$%4*$(!%.&/)%.!32.3(.$0*$%2.&!-/(!$2!$,(!302&&!0(*3$%<%$9!27!$,(!0*$!%.&/)%.!*.$%+2-9!'%$,!,/4*.!%.&/)%.:!!F(06.(0!($!*):=!>ETTNA!4(*&/0(-!+*&*)!%.&/)%.!32.3(.$0*$%2.&!$,02/5,!$,(%0!/&(!27!$,(!^(032-%*!a)$0*&(.&%$%<(!*&&*9!',%3,!,*&!*!-($(3$%2.!)%4%$!27!XT:Z!142)QR:!F2'(<(0!$,%&!)(-!$2!)*05(!&*41)(&!+(%.5!.((-(-!-/(!$2!$,(!0(K/%0(-!EO!µ)!&*41)(!<2)/4(:!G1*0$!7024!$,(&(!4(*&/0(4(.$&=!+*&*)!%.&/)%.!32.3(.$0*$%2.!,*&!.2$!+((.!0(320-(-!%.!0*$&!*.-!$,(0(720(!+*&*)!32.3(.$0*$%2.&!27!%.&/)%.!%.!#JB!27!0*$&!%&!.2$!6.2'.:!;,/&=!'206!'*&!32.-/3$(-!%.!$,(!&$/-%(&!27!$,%&!3,*1$(0!$2!$09!$2!<*)%-*$(!*!4($,2-!'%$,!$,(!12$(.$%*)!$2!4(*&/0(!+*&*)!32.3(.$0*$%2.&!27!%.&/)%.:!;,(!C09&$*)!C,(4!a)$0*&(.&%$%<(!_*$!#.&/)%.!HR#JG!'*&!/&(-!*&!%$!,*&!*!'%-(!0*.5(!27!-($(3$%2.!*.-!,*&!+((.!<*)%-*$(-!%.!,2/&(!720!-($(3$%2.!-2'.!$2!O:[!142)QR!>G.*)9$%3*)!L02/1=!G&$0*M(.(3*=!G)-(0)(9!I*06A:!]9!0/..%.5!*!,/4*.!
!! ETO!
%.&/)%.!3/0<(!%.!32.eµ)!27!#JB!&*41)(!'*&!0(K/%0(-!$2!-%)/$(!#JB!&*41)(&!"!%.!"T!*.-!$2!,*<(!(.2/5,!<2)/4(!$2!$(&$!OT!µ)!-%)/$(-!&*41)(!%.!-/1)%3*$(!2.!]%2IGR`&!B#;DLB_!>#./)%.A!6%$:!"O!µ)!27!#JB!&*41)(!'*&!0(K/%0(-!$2!$(&$!#JB!&*41)(&!.(*$!2.!$,(!C09&$*)!C,(4!_*$!a)$0*!J(.&%$%<(!#.&/)%.!HR#JG:!;,(0(720(!$2!*))2'!720!-(*-!&1*3(!*.-!*.9!&4*))!/)$0*7%)$0*$%2.!27!&*41)(&=!4%302-%*)9&*$(!70*3$%2.&!27![T!4%./$(&!'(0(!$*6(.!%.!20-(0!$2!(.&/0(!$,*$!$,(0(!'*&!(.2/5,!&*41)(!$2!*.*)9&(!(*3,!70*3$%2.:!!
!! ETP!
O7J7)(!<A>=B@5<A(;2!&/44*0%&(=!(*3,!4($,2-2)25%3*)!32.&%-(0*$%2.!27!$,(!4%302-%*)9&%&!$(3,.%K/(!'*&!$,202/5,)9!%.<(&$%5*$(-!%.!$,(!10(&(.$!3,*1$(0!$2!21$%4%d(!$,(!0(32<(09!*.-!0()%*+%)%$9!27!$,(!4%302-%*)9&%&!4($,2-!%.!$,(!&/+&(K/(.$!3,*1$(0:!I20(!&%d(=!1(07/&%2.!7)/%-!32.&$%$/(.$&=!1/41!0*$(=!2/$)($!$/+%.5!)(.5$,=!(8$(0.*)!3*)%+0*$20!*.-!4(*&/0(4(.$!27!%.&/)%.!32.3(.$0*$%2.&!'(0(!*))!%.<(&$%5*$(-!*.-!21$%4%d(-:!;,/&=!7024!$,(!0*.5(!27!-%77(0(.$!(81(0%4(.$*)!<*0%*+)(&!/&(-!%.!$,(!)%$(0*$/0(=!$,(!+(&$!324+%.*$%2.!'*&!%-(.$%7%(-!%.!$,(!(81(0%4(.$&!-(&30%+(-!%.!$,%&!3,*1$(0:!!;,/&=!$,(!0(&/)$*.$!32.-%$%2.&!'(0(!*&!72))2'&g!"TT!6S*!102+(!'%$,!1(07/&%2.!7)/%-!27!"!Y!]JG!*.-!":O!442)QR!5)/32&(=!10(1*0(-!%.!T:ZY!&2-%/4!3,)20%-(=!-()%<(0(-!*$!"!µ)Q4%.:!@/$)($!$/+%.5!'*&![O!34!*.-!32))(3$%2.!'*&!%.$2!&%)%32.%&(-!5)*&&!4%302<%*)&!e/&$!+()2'!$,(!)(<()!27!$,(!*.%4*):!#./)%.=!*&!*!3*)%+0*$20=!'*&!-()%<(0(-!*&!*!"!45Q65!+2)/&!*.-!T:TU!45Q65Q4%.!%.7/&%2.:!;,(!102$232)!%&!0(10(&(.$(-!%.!B%5/0(!O:"O:!!!!!!!!!!!!
!! ETV!
!"#$%&'(Q *(&FF&!%(/F(!"'/,.!(%&%'#"_0'/]./$%&'.,(%'&#%8&,%(
/,(.,G1-.,(#!!&GG(%/(%"&(81G!-&(.,%&'G%.%.#-(F-1.0(.,(/]&G&(
c1!X&'('#%G(
(
Q7)(.A94<LB>95<A(
d(-!$,*$!%7!$,(!*<*%)*+%)%$9!27!?@!32/)-!+(!%4102<(-!(81(0%4(.$*))9!%.!2+(&(!M/36(0!0*$&=!$,(.!
!! ETU!
%.&/)%.D&$%4/)*$(-!<*&2-%)*$*$%2.!*.-!$,(0(720(!%.&/)%.D&$%4/)*$(-!5)/32&(!/1$*6(!4*9!+(!%4102<(-:!!!?%$0%3!28%-(!%&!&9.$,(&%&(-!+9!(.-2$,()%*)!.%$0%3!28%-(!&9.$,*&(&!>(?@JA!',%3,!/&(!$,(!10(3/0&20&!RD*05%.%.(!*.-!2895(.!>@EA!$2!7204!?@!*.-!RD3%$0/))%.(:!#.!$,(!10(&(.3(!27!RD*05%.%.(=!()(3$02.!7)2'!%.!$,(!(?@J!(.d94(!0(-/3(&!2895(.=!',%3,!%&!/&(-!$2!28%-%d(!RD*05%.%.(!$2!?@!*.-!3%$0/))%.(:!?@!102-/3$%2.!0(K/%0(&!7%<(!32D7*3$20&:!@.(!27!$,(!32D7*3$20&!>]F[A!,*&!+((.!72/.-!$2!+(!$,(!30%$%3*)!-($(04%.*.$!%.!?@!&9.$,(&%&!*&!%$!-($(04%.(&!',($,(0!()(3$02.!7)2'!%.!$,(!(.d94(!%&!-%0(3$(-!$2!RD3%$0/))%.(!+9!&,/$$)%.5!%$&!()(3$02.!$2!RD*05%.%.(:!#.-((-=!-(1)($%2.!27!]F[!0(&/)$&!%.!/.32/1)%.5!27!2895(.!0(-/3$%2.!*.-!*05%.%.(!28%-*$%2.=!$,(0(+9!5(.(0*$%.5!&/1(028%-(!>@EDA!%.&$(*-!27!?@!>\*&K/(dD\%<*0!($!*):=!ETTEA:!;,/&=!*.!%.30(*&(!%.!@ED!&/3,!*&!$,*$!&((.!%.!-%*+($(&!!%.30(*&(&!$,(!102-/3$%2.!27!1(0289.%$0%$(!>@?@@DA!+9!0(*3$%.5!'%$,!?@:!@?@@D!28%-%d(&!]F[!*.-!$,(0(720(!7/0$,(0!/.32/1)(&!(?@J!',%3,!1(01($/*$(&!$,(!393)(!27!<*&3/)*0!28%-*$%<(!&$0(&&!>G50*'*)!($!*):=!ETTVA:!#.-((-=!^%)&$(%.!*.-!b*$/&%3!&,2'(-!$,*$!1(0289.%$0%$(!3*.!28%-%d(!]F[!'%$,%.!&(<(0*)!4%./$(&!>^%)&$%(.!*.-!b*$/&%3=!"ZZZA:!!!;,(!*42/.$!27!]F[!%&!4(*&/0(-!*&!]F[!102$(%.!32.$(.$:!G--%$%2.*))9=!+(3*/&(!]F[!%&!28%-%d(-!$2!V=UD-%,9-02+%21$(0%.!>]FEA!*.-!+%21$(0%.!>]A=!$2$*)!+%21$(0%.!32.$(.$!%&!27$(.!4(*&/0(-!*&!'())!>](.-*))!($!*):=!ETTOA:!;,(!0*$%2!27!$,(!$,0((!32412.(.$&!%&!/&(-!*&!*.!%.-%3*$%2.!27!$,(!*42/.$!27!*3$%<(!]F[!*<*%)*+)(!*.-!$,(!*42/.$!$,*$!,*&!+((.!28%-%d(-!*.-!$,(0(720(!%.*3$%<*$(-:!B20!(8*41)(=!4%3(!'%$,!&$0(1$2d2$23%.D%.-/3(-!-%*+($(&!,*<(!-(30(*&(-!32.3(.$0*$%2.&!27!]F[=!+/$!
!! ETZ!
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